Abstract
Introduction
Education is germane to individual, economic, social and cultural development. It is a catalyst for positive societal change. Therefore, academic performance can be defined as an outcome of education, the degree to which a student has attained the institutional objectives [1] . The most significant assets of any university are the students; therefore, the nature and standard of a university are determined by the academic performances of the students [1] .Academic performance has been recognized as a weighing scale for checking the mental capabilities and abilities of students. It is the reflector of the educational set up of a country [2] . The academic performance shows students' levels of skill, knowledge and identity; personal efforts, fixed factors and more. Good academic performance is an outcome of sound education and produces good outcomes that could improve students' value, exempt students from criminal activities, open the students to huge opportunities, reduce menace, and give the students better self-esteem in the society. Therefore, the priority of every parent and student is sound education, leading to good academic performance.
Nevertheless, many students are still struggling to attain good academic grades while some are finding it difficult to maintain their achieved grades. From the literature there are many factors that may be responsible for this, among which socio-economic factors have been frequently highlighted [3] , [4] and [5] . This suggests the need for a proper awareness of such socio-economic factors and the extent of their effects on students' academic performance. A decision support system is a domain specific computerized information system that supports decision making in a particular area [6] . Therefore, availability of a decision support system will enable the students to take the right decision about their involvement in such socio-economic factors. To this effect, in this study, a student decision support system is proposed for proper awareness of the joint effect of some socio-economic factors on students' academic performance. The system is established on Data mining techniques to extract hidden and previously unknown interesting knowledge from data. Also, the system was enhanced with fuzzy concept so as to capture intra uncertainties of the domain expert in the study. The remaining parts of the paper are as follows: section two provides a review of decision support system and related works, Section 3 explains the proposed system, while the proposed system was validated and evaluated in Section 4 and 5 respectively. The paper is concluded in Section 6.
Literature Review

Decision Support System
Decision Support System (DSS) is a computer-based information system that reasons through stored or online knowledge from existing data or domain experts to provide alternative decisions for decision makers [7] . It is a domain specific computerized information system that supports decision making in a particular area [6] . Based on the various definitions, a DSS can be summarized as a way of modelling data and making informed decisions from it. The required knowledge is acquired into the knowledge-based in form of rules for inferencing purpose. However, the quality of the decisions depends largely on the quality of knowledge acquired, the method and the data analyzed to extract the knowledge. A typical DSS is composed of several components as shown in Figure 1 . 
Related Works
From the literature, it was observed that lots of research have been conducted on factors that affect academic performance which include socio-economic factors [9] , [10] and [11] . Among other factors, the effect of socio-economic factors on students' academic performance has really gained prominence. Socio-economic status has been expressed from different perspectives in the literature since there is no accepted conceptual meaning for it [12] . In [13] Socio-economic status was described as a family or individual ranking based on their access level to or control over some combination of valued commodities such as wealth, power and social status. From a social point of view, it was described in [14] as a high quality work force, equal opportunity, social development of civil awareness and community attainment. Also, economically, it is seen as innovation and the ability to increase the country's economic power. In [15] socio-economic status of a student was described as a factor that could determine the secondary school a student can attend, influence the chances of being accepted in the University and the potential income earning in life. In order to analyse and create proper awareness on the effect of some socio-economic factors on students' academic performance a lot has been presented in the literature.
In [9] how socio-economic factors influence students' academic performance in Nigeria was analysed statistically using t-test. The analysis was based on parental income, family type, lack of funding, home background, learning environment, poverty and government policies. Also, [11] carried out a statistical analysis on the impact of socioeconomic factors on students' academic performance. In this work, a canonical correlation and multiple regression analysis methods were used. The student's CGPA was used as dependent variable and parental background, hostel facilities, peer group, students' health, students' attitude to studies, educational resource available, sport activities, students' enrolment and lecturers' teaching method group were used as independent variables. Also, [5] reported the impact of Students' socio-economic background on academic performance in Universities, using a case study of Students in Kisii University College. A proportional sampling method which targeted both male and female students of Kisii University College was used. It was reported that students' inability to afford good residential rooms, catering facilities and recreational facilities was based on their socio-economic status and this had adverse effects on their academic performance.
In [16] the influence of family structure on students' academic performance was reported, using students within Agege Local Government secondary schools, Lagos State, Nigeria as a case study. Multivariate analysis approach was applied to determine the influence of family structure and parental socio-economic status on academic performance of students. Results demonstrated that academic performance of students from single-guardian families and that of their partners from two-guardian families do not vary, as students from single parent competed and performed better than their counterparts from two-guardian families in Nigeria. The t-test statistical analysis was employed in testing the hypotheses at 0.05 level of significance. In [18] a study was carried out on factors influencing students' academic performance using Naïve Bayesian algorithm, MLP, SMO, J48, REP tree, RANDOM tree and Decision table. The instances were classified based on probabilities. The focus was on students' community, religion, living area and department; parents' qualification, fathers' occupation and more. [19] also examined some factors affecting academic achievement of undergraduate students in international program. Two classification algorithms were adopted and compared. The classification models were implemented using WEKA 3.7.5 version.
Also, the effects of some other factors on students' academic performance have been well reported in the literature. In [4] the impact of attendance on students' academic performance in information and communications technology (ICT) related courses, a case study of Faculty of Engineering, Osun State Polytechnic, Iree, was reported. The analysis was carried out with statistical approach using regression and Correlation analyses. The result showed that attendance in class had positive impact on students' academic performance without specifying the extent. In [3] a data mining approach was introduced to investigate the effect of class attendance on students' academic performance using association rule mining technique. The result shows the extent, in percentage, to which the class attendance can affect students' academic performance.
Despite the awareness in literature, lots of students have not been able to overcome the challenges posed by their academic performance. This has become a major issue of concern to managements of institutions. Obviously, students are faced with lots of uncertainties in their choice of academic decisions and social involvements. In order to support their decisions appropriately, there is need for supporting systems to help identify those factors that affect their academic performance and the extent. This will enable individuals to balance their involvements in order to enhance their academic performance. Another important concern from literature is that most of the analyses on socio-economic factors were based on statistical analysis. This is not sufficient to extract unknown, hidden and useful patterns from the data set that could assist the students in making impactful decisions. These concerns call for urgent measures that will foster growth, willingness, and motivation in the various levels of development of the students' life; increase the momentum of students to study and create a platform that could help them prioritize and come up with informed decisions. Hence, the need for a student decision support system based on data extraction approach and which stems from the effect of socio-economic factors on students' academic performance. This can support the students in making the right decisions relating to their involvement in some factors that can affect their academic pursuit adversely.
To realize this, data mining has proved to be effective in discovering hidden, interesting and useful knowledge in educational database [20] . Data mining allows data to be viewed from different perspectives and users can communicate with data effectively. Furthermore, making decisions from data is more realistic because of the patterns that are discovered by data mining techniques. This has made Data mining an important development in database technology. A pattern is considered interesting if (1) it is easily understood by humans, (2) it has enough level of significance, (3) it is relative to the expected result and validates the hypothesis the user sought to confirm, and (4) it represents knowledge [21] . Therefore, this study proposes and designs a fuzzy student decision support system for determining the extent to which some socio-economic factors can jointly affect academic performance. The predictive model for the system was established using fuzzy association rule mining technique to extract hidden and previously unknown interesting data and capture the intra uncertainties in the dataset.
The Proposed System
The proposed system enhances the Traditional Decision Support System [8] by adding two new components to the architecture which are: Fuzzy Engine and Mining Engine. The fuzzy engine is incorporated in order to capture the intra-uncertainty in the domain expert judgment. The Mining engine is used to extract hidden and previously unknown interesting knowledge from the dataset gathered in order to acquire the knowledge-base. The system architecture is composed of seven main components as shown in Figure 2 . The additional components are indicated with a dotted box.
From different sources, data are gathered for the decision support system using a reliable Database Management System. The Model management is where models are constructed, managed and stored in a model base. Traditionally, based on the constructed models, the database is transformed into knowledge which is stored in the knowledge base for appropriate inferencing process. In this study, fuzzy models are constructed based on the data description and domain expert knowledge. The crisp dataset gathered is then transformed into fuzzy dataset in the fuzzy engine. The process is called fuzzification process. This is to capture the subjectiveness and intra uncertainties in the expert judgment from the questionnaire. The fuzzified dataset goes to the mining engine, from where the hidden and previously unknown interesting knowledge is extracted. Different mining techniques can be activated for this purpose depending on the system engineer and the expected inference. The knowledge is acquired directly into the knowledge-base for proper inference in responding to the user query via the GUI interface. 
System Validation
Data Source
The domain experts used in this research work were 200 level students and above. These samples comprised both males and females from four different universities in Nigeria. Based on their experience of the factors, they were able to provide the data required. More than 3,000 questionnaires were distributed, out of which 2635 were returned; from which 2535 records were used, which amounted to 96.2%. The remaining 100 records were voided because of incompleteness and unrealistic nature of the data collected. This represented 3.8% of the dataset. The dataset consists of 2535 record, with 7 attributes. 6 of the attributes are input attributes (Student Interest, Entrepreneurial Involvement, Peer Influence, Family Background, Marital Status, and Health Condition) while one is output attribute (CGPA).
Research Instrument
The research instrument used for data gathering was questionnaire. The questionnaire was constructed after a careful review of the literature and interaction with the experts. It contained information that captured students' age, sex, CGPA, interest, entrepreneurial involvement, peer influence, family background, marital status and health condition. The questionnaire was made up of seven items covering the socio-economic factors under investigation. Six of the attributes were input attributes and one output attribute (CGPA). Five questions were considered to reflect the importance of each attribute.
The reliability of the questionnaire was determined by Cronbach alpha statistics. It determines internally correlated constituents of items to see if they are measuring in the same domain. It is expressed as a number between 0 and 1 [22] . The result shows that out of the 30 items (see Appendix1), 23 of the factors best predict the reliability of the questionnaire. The Results show that if any of the following items; 6, 7, 10, 11, 15, 30 is deleted the reliability of the questionnaire will increase; while, if any of the remaining 23 items is deleted, the reliability of the questions will be low. Therefore, considering the remaining 23 items, the questionnaire is reliable at 0.701 (p>0.64). The Students' responses are in five categories: Strongly Agree (SA), Agree (A), Undecided (U), Disagree (D), and Strongly Disagree (SD). To assign a Crisp value to each response, a five point Likert scale was used; values were assigned according to how the question has impacted on the factors as related to the research analysis. For instance, a positive impact question was assigned 10 points for strongly agree, and for negative impact questions 0 was assigned. Table 1 shows the Questionnaire attributes response value rating. To get the crisp value for a particular attribute, aggregate sum model was used to acquire quantitative values for each factor as represented in equation (1) . A typical example is shown in Table 2 and the student's response is identified with "X". A =.
Where represents each facto (1) Therefore, 22 is the crisp interest value for this particular student. For each attribute the maximum value is 50 and the minimum is 0. All input attributes values (rule antecedent) are partitions following the ranges in Table 3 (a) and the output attribute values (rule consequent) is partition as in Table 3 (b). 
Table 3. Range Partitioning for the Attributes
Socio-econimic Factor value Linguistic Term
<25 Low
-34 Average
-50 High
Cgpa21
Cgpa22
Cgpa3
(b)
Database and Model Management
XAMPP 1.7.7 Mysql, as the Database Management System (DBMS), was used to store the students' records. All processed data output were all stored with the DBMS. The model base of the system carries the analytical capability of the system and houses the models used. The fuzzy models for fuzzification process was based on triangular membership function because of the nature of the data. For all antecedent variables, which are Interest, entrepreneur, family background, peer influence and relationship, the fuzzy sets are; {low, average, High}. For each fuzzy set the membership grade expression was determined using triangular membership function (trimf). For all the input variables the expressions are similar, based on domain experts' and the knowledge engineers' description of the data. Therefore, the sample fuzzy model for interest attribute is shown in equation (2- 
Where g is the student's CGPA quatitative measure as of the last semester prior to the evaluation.
Fuzzification Process
This process takes place in the fuzzy engine. For fuzzification process each attribute fuzzy set was determined as shown in Table 4 . The membership models formulated were implemented with Java NetBeans programming language. The output from this process is a fuzzified table which is the input to the next stage of the process. The snapshot of the crisp dataset in the DBMS is shown in Figure 3 . Also, the Java NetBeans snapshot for fuzzification process is shown in Figure 4 . 
Mining Process
For the mining process, Association Rule Mining Technique was considered to determine the relationship between the input variables and the output variable. Apriorilike Fuzzy association rule mining algorithm in Figure 5 was adopted since the mining process is for fuzzy dataset. The algorithm was implemented using Java NetBeans programming language because it possesses the features for implementing the algorithm and also enhances a user friendly interface. For a rule to be considered interesting it should have enough level of certainty and significance. The input for the process is the fuzzy data set, the outputs from the mining process are numbers of patterns in form of rules. The minimum significant factor and certainty factor threshold used is 0.0, so as to capture maximum number of possible rules in order to enhance the decision support system completeness. The implication is that if any rule does not have significant value and certainty value greater than zero, such rule is not interesting. A sample output is shown in Figure 6 
Knowledge-Base
The extracted rules from the mining process were transformed into a relational structure. 2916 rules were extracted from the mining process and stored in the knowledge-base for appropriate inferencing by the decision support system. These rules represent all possible involvement of students in the six socio-economic factors considered. The Snapshot of some of the Extracted Rules is shown in Figure 7 .
Graphical User Interface
The graphical user interface communicates between the user and the decision support system. This allows the user to interact with the decision support system by specifying their linguistic involvement in the six socio-economic factors inform of query. The output from the system based on the query is communicated as suggestions via the user interface with recommendation. An instance of the Decision Support System interaction is shown in Figure 8 . A summary of how the fuzzy mining student decision Support system works includes:
 The student record is stored in the database after submission. Each student is identified by their ID number assigned at the point of registration.  Students highlight their involvement from the user interface and submit to the knowledge-base.  The query is sent to the knowledge-base to find the match.  Based on the match, the knowledge-base fires out relevant patterns for students' decision.  In response, the decision support system gives suggestions and recommendations which interpret the patterns in students' understandable language to inform their decisions. 
Discussion
In Figure 8 , an instance of students' query was demonstrated. This shows a student with Interest value: Low, Entrepreneur activity: low, Family background level: low, rate of pear influence: low, Relationship status: low and the health condition: low. These indicate that this student does not have interest in the course of study, is not involved in any entrepreneurial activity, his family background level is less than average, is not easily influenced by pears, is not in any serious relationship and does not have enough strength to withstand stress because of his health condition. The Decision Support System was able to suggest possible chances based on the student's involvement in the socio-economic factors. The result shows that the certainty factor for Second Class lower is 41.5% followed by Second Class upper with 37.5%. This implies that, the certainty of graduating with Second Class lower is high for this type of student. Nevertheless, according to the recommendation, if this student shows more interest in the course of study and manages his health condition to allow for little stress, he might end up with Second Class upper but not First Class or Third Class grade. The certainty factor for First Class is 13.8 % and Third Class is 7.28%. This system provides for a quick selfevaluation in preparation for a new academic semester. It provides students with appropriate information that can support their decisions in regard to the impact of these socio-economic factors on their academic performance.
System Evaluation
The international Organization for standardization (ISO) 9241-11 defines the usability of a product as "the extent to which the product can be used by specified users to achieve specified goals with effectiveness, efficiency, and satisfaction in a specified context of use".
Usability factors were considered to know users' perception on usage of the system. The factors considered were: userfriendliness, learnability, easeofuse and satisfaction with dependent variable usability. A questionnaire was created using a Likert five point scale, where "1" represented "strongly agree", "2" for Agree, "3" for "undecided", "4" for disagree and "5" for "strongly Disagree". Copies of the questionnaire were distributed to 26 users; 20 responses were used while other six were voided due to missing information. Based on the factors, 8 hypotheses were deduced. The regression analysis was carried out to estimate the relationship between variables. From the analysis, it can be concluded that based on the four factors (independent variables) considered, ease of use best predicts the usability of the system. Ease of use of the system is statistically significant as 0.047 (p < 0.05). Also, considering all the factors, the system is statistically significant at 0.035 (p<0.05).
Conclusion
In this study, fuzzy mining approach has been validated for building student decision support system for determining the joint effect of Students' interest, Relationship status, Entrepreneurial activities, Peer influence, Health and family background as socioeconomic factors on students' academic performance. The traditional Decision support system architecture was enhanced in the study with Fuzzy engine and Mining Engine to capture the intra-uncertainty of the domain experts and to extract hidden and previously unknown interesting knowledge. This knowledge is used to enhance students' decision based on their involvement in the socio-economic factors considered in order to minimise poor academic performance. Also, this approach was able to alleviate the limitation of statistical analysis by extracting hidden patterns from the data set. These patterns were able to reflect the extent or the degree of the impact using fuzzy concept. It also built a decision support system based on the patterns to enhance students' awareness of the effect 27. I have had to miss classes as a result of my ill-health 28. I have had to go home and missed exams for it 29. It takes a while before i get recovered from my ill-health 30. I have tendencies of falling sick after any rigorous activity
